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(57) ABSTRACT

A hydraulic arrangement includes at least one pressure unit
connected to a hydraulic machine that is operable as a pump
and a safety device for the pressure unit. The safety device
includes pressure sensors configured to detect a pressure in
the pressure unit and an electronic control unit that is con-
nected to the pressure sensors. A delivery volume pumped by
the hydraulic machine is configured to be controlled via the
control unit.

7 Claims, 1 Drawing Sheet
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1
HYDRAULIC ARRANGEMENT

This application is a 35 U.S.C. §371 National Stage Appli-
cation of PCT/EP2010/007035, filed on Nov. 19, 2010, which
claims the benefit of priority to Serial No. DE 10 2009 060
225.9, filed on Dec. 23, 2009 in Germany, the disclosures of
which are incorporated herein by reference in their entirety.

The disclosure concerns hydraulic arrangements with pres-
sure vessels. In particular the pressure vessel is a hydro-
pneumatic accumulator (hydraulic accumulator).

To limit the maximum pressures of pressure vessels,
according to the prior art pressure-limiting valves are used.
Under certain circumstances (e.g. in hydraulic accumulators)
such a pressure limitation is also legally prescribed (see
Directive 79/23/EC).

Pressure-limiting valves open at a predetermined pressure
and do not allow the pressure in the pressure vessel to rise
further, so that damage (e.g. bursting) and resulting injuries
are avoided. Pressure-limiting valves are exposed to the pres-
sure to be limited in the opening direction while they are
pressurized usually by spring force in the closing direction. If
the pressure to be limited or the compressive force applied
thereby to a control surface of a valve body exceeds the spring
force, the pressure-limiting valve opens. Pressure medium
delivered further flows to a tank and hence away from the
pressure vessel to be secured.

The disadvantage with pressure limitation via a pressure-
limiting valve is that a precontrolled pressure-limiting valve
such as is normally used is extremely expensive and requires
a large installation space.

In this context the object of the disclosure is to create a
hydraulic arrangement with at least one pressure vessel with
a safety device for which the cost of installation and regular
testing is low, which requires little installation space and is
economic.

This object is achieved by a hydraulic arrangement accord-
ing to the disclosure.

SUMMARY

The hydraulic arrangement according to the disclosure has
at least one pressure vessel connected with a hydraulic
machine operable as a pump. Furthermore it has a safety
device which comprises a pressure sensor assembly for
detecting a pressure in the pressure vessel and an electronic
control unit connected with the pressure sensor assembly, via
which the delivery quantity output by the hydraulic machine
can be controlled. Thus a safety device is created for the
pressure vessel which by running down the hydraulic
machine does not allow the pressure to exceed the permitted
value and hence protects the pressure vessel and the environ-
ment from damage. Thus in a simple manner, the maximum
pressure can be predetermined and changed via the electronic
control unit. The maximum pressure can for example be 325
bar.

Further advantageous embodiments of the disclosure are
described in the dependent claims.

To maximize the reliability of the safety device according
to the disclosure, a particularly preferred refinement of the
pressure sensor assembly has two redundant pressure sensors
both allocated to the pressure vessel.

The hydraulic machine can be driven by a motor, wherein
the motor is connected with the control unit and can be con-
trolled by this. When a maximum permitted pressure is
reached, the motor can be switched off and hence the further
charging of the pressure vessel terminated. Switching off
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before reaching the maximum permitted pressure takes into
account any run-on of the motor.

The motor can be an internal combustion engine e.g. a
diesel engine, or an electric motor.

In a particularly preferred refinement of the hydraulic
arrangement according to the disclosure, a drive and the
hydraulic machine are connected together via a coupling,
wherein the coupling is connected with the control unit and
can be controlled by this. Thus when a maximum pressure is
reached or shortly before it is reached, the coupling can be
opened and thus the further charging of the pressure vessel
terminated. A hydraulic arrangement of the type described is
used in particular also as a hydraulic regenerative brake sys-
tem in vehicles. On braking, the entire vehicle can be regarded
as a drive for the hydraulic machine. Kinetic energy is then
converted into pressure energy.

In a particularly preferred refinement, the hydraulic
machine is an adjusting mechanism which is connected with
the control unit and the pivot angle of which can be controlled
by this. Thus when a maximum pressure is reached or shortly
before this is reached, the hydraulic machine can be set to
stroke volume zero in the sense of pivoting back, and hence an
increase in pressure in the pressure vessel beyond the maxi-
mum permitted pressure can be avoided.

In a variant of the hydraulic arrangement according to the
disclosure, the pressure vessel is a hydropneumatic high-
pressure accumulator which is connected with the hydraulic
machine via a high-pressure line. If a shut-off valve is
arranged in the high-pressure line, preferably a pressure sen-
sor assembly is connected both before and after the shut-off
valve.

BRIEF DESCRIPTION OF THE DRAWING

An embodiment example of the disclosure is described in
detail below with reference to a single FIGURE.

The FIGURE shows an embodiment example of a hydrau-
lic arrangement according to the disclosure wherein only a
part of the arrangement essential to the disclosure is shown.

DETAILED DESCRIPTION

The disclosure has a high-pressure accumulator 1 which is
filled with pressure medium (hydraulic oil) by an adjustable
hydraulic machine 2 via a high-pressure line 4, 6 when the
hydraulic machine is driven as a pump. The hydraulic
machine 2 then sucks in pressure medium from a tank T. In the
high-pressure line 4, 6 is arranged a shut-off valve 8 formed as
a 2/2-way valve.

The hydraulic machine 2 can be driven via a drive shaft 10,
12 wherein a coupling 14 is provided between the two seg-
ments 10, 12 of the drive shaft.

The drive shaft segment 10 is driven by a diesel engine 16
or via a gear shaft 47 by the inert mass 48, for example by a
vehicle via its wheels, via a gear system which substantially
comprises two intermeshing spur gears 18, 20. When driven
by the vehicle, this is braked and its kinetic energy is con-
verted fully or partly into pressure energy.

In segment 4 of the high-pressure line which connects the
hydraulic machine 2 with the shut-off valve 8, a pressure-
limiting valve 24 is connected via a pressure-limiting line 22,
via which the segment 4 of the high-pressure line can be
drained to tank T. A valve body of the pressure-limiting valve
24 is here exposed to the pressure of the pressure-limiting line
22 in the opening direction and to the force of a spring in the
closing direction. The pressure-limiting valve 24 serves as a
hydraulic resistance for the delivering hydraulic machine 2
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when the high-pressure accumulator 1 is full and further
braking is to be performed with the hydraulic machine 2. The
pressure-limiting valve 24 is set to a lower pressure value than
the pressure at which the safety device responds.

The shut-off valve 8 in a spring-pretensioned base position
shuts off the high-pressure line 4, 6 while in a switch position
marked a it connects the two segments 4, 6 of the high-
pressure line so that the high-pressure accumulator 1 can be
supplied or filled by the adjusting pump 2.

The pressure in the high-pressure accumulator 1 is moni-
tored and where applicable a further pressure rise in the
high-pressure accumulator 1 is prevented according to the
disclosure by a safety device with an electronic pressure
shut-off. For this a pressure sensor 28 is connected via a
connecting line 26 to the segment 6 of the high-pressure line
on the accumulator side, and a pressure sensor 32 is con-
nected via a connecting line 30 to the segment 4 of the high-
pressure line on the machine side. The pressure sensors 28, 32
are connected via electric pressure indication lines 34, 36 to
an electronic control unit 38. Furthermore the control unit 38
is connected via an electric line 40 with an actuator 404 of the
shut-off valve 8, via an electric line 42 with an actuator unit
42a of'the pump 2, and via an electric line 44 with an actuator
unit 44a of the coupling 14.

The legally required pressure limitation in the high-pres-
sure accumulator 1 or a pressure shut-off in the sense of
preventing a further pressure rise is guaranteed in that the
pressure in segment 6 of the high-pressure line and hence the
pressure in the high-pressure accumulator 1 is measured con-
tinuously via the pressure sensor 28. These values are trans-
mitted via the electric pressure indication line 34 to the con-
trol unit 38 and continuously compared with a prespecified
maximum value. Even at a certain distance from the maxi-
mum value, redundantly firstly a signal is given via the elec-
tric line 42 to the actuator unit 424 to pivot back the hydraulic
machine 2 and secondly a signal is given via the electric line
44 to the actuator unit 44a to open the coupling 14. Thus the
supply of pressure medium is terminated and the pressure in
the hydraulic accumulator to be monitored does not rise
beyond the maximum value. This is ensured redundantly by
the opening of the coupling and by the pivoting back of the
hydraulic machine 2.

The pressure in the segment 6 of the high-pressure line or
in the high-pressure accumulator 1 can also be measured
redundantly via two pressure sensors 28 with correspond-
ingly two pressure indication lines 34. The pressure exceed-
ance can then be stored permanently in the control unit 38 e.g.
until a service is carried out.

On establishing the response pressure at which the cou-
pling 14 opens and the hydraulic machine 2 is pivoted back, a
time period of an opening of the coupling 14 and a time period
of a pivoting back of the hydraulic machine 2 is taken into
account. The maximum permitted 10% overpressure in a
high-pressure accumulator 1 is then converted into a volume
AV. For the maximum delivery flow AQ of the hydraulic
machine 2, the required response time At for the pressure
limitation according to the disclosure is

AI=AV/AQ.

The opening of the coupling 14 can be monitored by rota-
tion speed sensors (not shown).

Furthermore the motor 16 can also be connected with the
control unit 38 and controlled by this.

In the embodiment example it is not provided that the
shut-off valve 8 is switched to the blocking position for the
purpose of pressure shut-off, so the accumulator pressure can
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also be monitored redundantly by the pressure sensor 28 and
by the further pressure sensor 32 which is connected to the
line segment 4.

The two pressure sensors 28 and 32 can then also be used
to monitor the shut-off valve 8. If the valve is actually open
and different pressures are measured by the two pressure
sensors, or if the shut-off valve is actually closed and the same
pressures are measured, a fault has occurred.

The hydraulic arrangement according to the disclosure is
used in particular in mobile transport and working machines,
for example refuse collection vehicles, city buses or construc-
tion vehicles. For construction vehicles, as well as the com-
bustion engine 16 or an electric motor or the entire vehicle,
the working equipment or a turning gear can also apply a
torque to the gear shaft 47 and hence drive the hydraulic
machine 2.

The safety device can be tested regularly e.g. at each igni-
tion start. For this for example the maximum permitted pres-
sure in the hydraulic accumulator 1 can be set to atmospheric
pressure. The power drivers for the actuators on the hydraulic
machine 2 and on the coupling 14 should then switch off. If
they do not, the test is not successful and a malfunction is
indicated. Because of the cyclic monitoring, where applicable
with the safety devices based on pressure-limiting valves, the
prescribed annual test may be omitted.

The pressure energy stored in the hydraulic accumulator 1
can be used regeneratively to support the drive of the vehicle
or the drive of working hydraulics. For this the hydraulic
machine 2 is adjusted so that while retaining the direction of
rotation, it now works as a hydraulic motor for which the
hydraulic accumulator 1 constitutes the source of pressure
medium and which via the coupling 14 can exert a torque on
the gear shaft 47.

A hydraulic arrangement is disclosed with at least one
pressure vessel connected with a hydraulic machine and with
a safety device for the pressure vessel. This has a pressure
sensor assembly for detecting a pressure in the pressure vessel
and an electronic control unit connected with the pressure
sensor assembly, via which the delivery quantity output by the
hydraulic machine can be controlled.

The invention claimed is:

1. A hydraulic arrangement, comprising:

an electronic control unit;

a hydraulic machine operable as a pump and connected to
the electronic control unit such that a displacement of
the hydraulic machine is controllable by the electronic
control unit;

a switchable coupling connecting the hydraulic machine
and a drive, the switchable coupling further connected to
the electronic control unit and configured to be con-
trolled by the electronic control unit;

at least one hydraulic or hydropneumatic pressure vessel
connected with the hydraulic machine; and

a pressure sensor assembly connected to the electronic
control unit and configured to detect a pressure in the
pressure vessel, wherein

the electronic control unit is configured to reduce the dis-
placement of the hydraulic machine to null and to open
the switchable coupling depending on the pressure
detected in the pressure vessel.

2. The hydraulic arrangement as claimed in claim 1,
wherein the pressure sensor assembly has two redundant
pressure sensors.

3. The hydraulic arrangement as claimed in claim 1,
wherein the hydraulic machine is configured to be driven by
a motor and wherein the motor is connected with the control
unit and is configured to be controlled by the control unit.
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4. The hydraulic arrangement as claimed in claim 3,
wherein the motor is an internal combustion engine or an
electric motor.

5. The hydraulic arrangement as claimed in claim 3,
wherein the hydraulic machine is an adjusting mechanism 5
which is connected with the control unit, the adjusting mecha-
nism having a stroke volume that is configured to be con-
trolled by the control unit.

6. The hydraulic arrangement as claimed in claim 1,
wherein the pressure vessel is a hydropneumatic high-pres- 10
sure accumulator which is connected to the hydraulic
machine via a high-pressure line, wherein a shut-off valve is
arranged in the high-pressure line, and wherein in each case
one pressure sensor assembly is arranged in the high-pressure
line before and after the shut-off valve. 15

7. The hydraulic arrangement as claimed in claim 1,
wherein a shut-off valve is arranged between the pressure
vessel and the hydraulic machine, and wherein in each case
one pressure sensor assembly is installed before and after the
shut-off valve. 20



